Significant selective cyclooxygenase-2 (COX-2) inhibitory activities were observed for two new 1,4-naphthoquinone sodium salts, sodium 3-hydroxide-2{[sodium 3-hydroxide-1,4-dioxo(2-naphthyl)]ethyl}naphthalene-1,4-dione (impatienolate) (1) and sodium 2-hydroxide-3-(2-hydroxyethyl)naphthalene-1,4-dione (balsaminolate) (2), which were isolated from the corolla of Impatiens balsamina L. (Balsaminaceae). Their structures were elucidated by spectral techniques. Our results offer evidence supporting the use of I. balsamina L. to treat articular rheumatism, pain, and swelling.
The aerial parts of Impatiens balsamina L. (Balsaminaceae) are used in Chinese herbal medicine to treat articular rheumatism, beriberi, bruises, pain, and swelling. 1) In some areas of Japan, juice squeezed from the white corolla of I. balsamina is painted topically on the skin as an antipruritic to treat several types of dermatitis including urticaria. Previously, we have reported on antianaphylactic, [2] [3] [4] antihistaminic, 5) antipruritic, 6, 7) anti-platelet-activating factor 8) and antidermatitic 9) active compounds from I. balsamina L. and their mechanisms of action. The main active compounds 4, 10) of I. balsamina are 1,4-naphthoquinones as well as flavonols.
Nonsteroidal antiinflammatory drugs (NSAIDs) are used for the treatment of inflammatory and infectious diseases, articular rheumatism, bruises with pain, fever, erythema, and swelling. The main mechanism of NSAIDs is an inhibitory effect on cyclooxygenase (COX, prostaglandin endoperoxide H synthase). Two isozymes of COX, constitutive COX-1 and inducible COX-2, have been identified. 11) Inhibition of COX-1 has the same side effect (gastrointestinal disturbance) as that caused by classical NSAIDs such as aspirin because constitutive COX-1 is associated with protection of the gastric mucous membrane. In contrast, COX-2 is rapidly induced in response to inflammatory stimuli by endotoxins, mitogens, and cytokines. What is awaited is the development of selective COX-2 inhibitors as new NSAIDs without the side effects. 12, 13) Our further investigation of extracts of the white corolla of I. balsamina led to the isolation of new 1,4-naphthoquinones, which were examined for their ability to inhibit COX-2 activity.
MATERIALS AND METHODS

General Experimental Procedures
Melting points were determined with a Yanagimoto micro melting point apparatus. IR spectra were recorded on a Shimadzu 435 spectrometer and UV absorption spectra with a Hitachi 323 spectrometer. 1 H-and 13 C-NMR spectra were recorded with a JEOL JNM-GSX 500 spectrometer (with tetramethylsilane (TMS) as internal reference). MS were measured in the positive-ion mode on a JEOL JMS-DX 303 double-focusing spectrometer using xenon atoms with kinetic energy equivalent to 6 kV at ion-accelerating voltage of 3 kV. The mass marker was calibrated with perfluoroalkylphosphazine (ultra marker), and 3-nitrobenzyl alcohol (NBA) was used as the matrix.
Plant Material I. balsamina from our university medicinal plant garden was identified by Dr. K. Yoneda, Faculty of Pharmaceutical Sciences, Osaka University. The voucher sample is kept at our university medicinal plant garden. The white flowers were collected in August.
Material Impatienol (3) and 2-methoxy-3-(2-hydroxyethyl)-1,4-naphthoquinone (balsaquinone) were isolated 14, 15) from the aerial parts of I. balsamina L. Extraction and Isolation Fresh corollas (1.5 kg) of white flowers were extracted twice with 35% EtOH (15 l) at room temperature for 1 d to afford crude yellow crystals (kaempferol). After the kaempferol had been obtained by filtration, the alcoholic solution was evaporated in vacuo to remove the EtOH, followed by successive extraction with EtOAc. The EtOAc extracts (8.3 g) were chromatographed repeatedly on silica gel with a CHCl 3 -EtOAc and CHCl 3 -MeOH gradient system. Further separation with Sephadex LH-20 (MeOH) and recrystallization gave impatienolate (1) (21 mg) and balsaminolate (2) (11 mg).
Impatienolate (1) Balsaminolate (2) Impatienolate (1) from Impatienol (3) An aqueous solution of 8.4 mg of NaHCO 3 was added to a solution of 3 (18.7 mg) in MeOH (1 ml). The reaction mixture was stirred overnight at room temperature and then filtered. The precipitate was recrystallized from CHCl 3 , giving 1 (18 mg) as dark orange needles.
Balsaminolate (2) from Balsaquinone An aqueous solution of 8.4 mg of NaHCO 3 was added to a solution of 2-methoxy-3-(2-hydroxyethyl)-1,4-naphthoquinone (balsaquinone) (23.2 mg) in MeOH (1 ml). The reaction mixture was stirred overnight at room temperature. The alcohol was evaporated in vacuo. The CHCl 3 -insolube part of the precipitate was subjected to separation with Sephadex LH-20 using MeOH and gave 7 mg of 2.
COX Inhibitory Screening Assay The inhibitory effects on COX-1 and COX-2 were measured using the COX Inhibitor Screening Assay Kit (Cayman Chemical). Briefly, the reaction buffer (Tris-HCl buffer, pH 8.0, containing 5 mM EDTA and 2 mM phenol) and heme were placed in test tubes. The test samples were dissolved in dimethyl sulfoxide (DMSO) and added to the test tubes at final concentrations of 0.05-200 mM. DMSO alone was added to control test tubes. The sample and ovine COX-1 or COX-2 were added to the test tubes and preincubated for 10 min at 37°C. Next, the substrate arachidonic acid was added and the test tubes were incubated for 2 min at 37°C. The concentration of prostaglandin (PG) F 2a (final product) was measured using the enzyme immunoassay (EIA) of the same kit, and was calculated from a standard curve after the reaction liquid had been diluted to 1/4000. The results are the means of three to four single experiments. IC 50 values were determined from three to six concentrations via graphic evaluation of the log regression. The selectivity against COX-2 was calculated by dividing the IC 50 of COX-1 by the IC 50 of COX-2. Significance of the data was analyzed using Student's t-test.
RESULTS AND DISCUSSION
The ethyl acetate-soluble parts (8.3 g) of 35% ethanol extract from fresh corolla (1.5 kg) of I. balsamina were subjected to repeated chromatography on silica gel followed by Sephadex LH-20 chromatography and recrystallization to obtain the new compounds impatienolate (1) (21 mg) and balsaminolate (2) (11 mg).
Impatienolate (1) was obtained as dark orange needles from CHCl 3 . The UV spectrum showed the characteristic absorption maxima of 1,4-naphthoquinone. The IR spectrum suggested the presence of phenolic hydroxyl groups at 3400-3100 cm Ϫ1 and conjugated ketone at 1665 and 1635 cm
Ϫ1
. The mass spectrum exhibited a [Mϩ1] ϩ at m/z 419 in positive FAB-MS. The 1 H-and 13 C-NMR spectral data were very similar to those of impatienol (3) previously isolated from the same plant, 13) except for downfield shifts of 8.6 ppm for 3-C (d 164.0) and upfield shifts of 5.5 ppm for 9-C (d 22.6), suggesting that 1 is the 3-sodium hydroxide of 3. The spectral data (IR, MS, and 1 H-, 13 C-NMR) of 1 were identical to those of the synthetic compound 1. Hence impatienolate (1) was determined to be sodium 3-hydroxide-2{[sodium 3-hydroxide-1,4-dioxo(2-naphthyl)]ethyl}naphthalene-1,4-dione [CA index name: 2,2Ј-ethyl-idenebis(3-sodium hydroxide-1,4-naphthoquinone)]. To our knowledge, this is the first report of its isolation. All assignments of 1 H-and 13 C-NMR spectra of 1 were confirmed by 1 H-detected heteronuclear multiple quantum coherence (HMQC) and 1 H-detected multiple-bond heteronuclear multiple quantum coherence (HMBC) (Fig. 1) , and are described in the Materials and Methods.
Balsaminolate (2) was obtained as red powder. The UV spectrum showed characteristic absorption maxima of 1,4-naphthoquinone. The IR spectrum suggested the presence of a hydrogen-bonded hydroxyl group (3500-3200 cm ϩ at 218 in EI-MS. The 1 H-NMR spectra of compound 2 showed the presence of four adjacent aromatic protons at d 7.52, 7.63, 7.89, and 7.95, which display coupling with a hydroxyethyl group at d 3.67 and 2.84. The 13 C-NMR spectra of 2 showed 12 carbon atoms which include two carbonyl carbons at d 184.8 (4-C) and 187.6 (1-C) and hydroxyethyl carbons at d 27.9 (9-C) and 63.9 (10-C). The 1 H-and 13 C-NMR spectral data were very similar to those of 2-hydroxy-1,4-naphthoquinone (lawsone) except for the presence of the hydroxyethyl group and the absence of 3-H, indicating that compound 2 is 2-hydroxy-3-(2-hydroxyethyl)naphthalene-1,4-dione (4). However, the 1 H-and 13 C-NMR spectral data of 2 were different from those of synthetic compound 4. Downfield shifts of 15.5 ppm for C-2 (173.0 ppm) in the 13 C-NMR of 2 suggested it to be a 2-sodium hydroxide of 4. The spectral data of 2 were identical to those of the synthetic sodium 2-hydroxide-3-(2-hydroxyethyl)1,4-naphthoquinone. Hence balsaminolate was determined to be 2. To our knowledge, this is the first report of the isolation of 2. The 1 H-1 H, 13 C-1 H correlated spectroscopy (COSY), and HMBC (Fig. 2) experiments presented in Materials and Methods allowed assignment of all the protons and carbons.
1 and 2 are components characteristic of 35% EtOH extracts from the corolla of I. balsamina, since they are not found in the 35% EtOH extract of the aerial parts of the same plant. Compound 4 has not been isolated from I. balsamina or other natural sources.
The inhibitory effects on COX-1 and COX-2 of the new compounds 1 and 2 are shown in Table 1 . The IC 50 values of 1 and 2 against COX-2 were 0.2 mM and 9.4 mM, respectively. The inhibitory activity of 1 was the same as that of NS-398, 15) a selective COX-2 inhibitor. These selectivities against COX-2 show that 1 and 2 may have the potential to be COX-2-selective inhibitors. The inhibition of 1 and 3 0.2 mM against COX-2 was 50.6Ϯ4.2% and 58.7Ϯ16.2%, respectively. The inhibition of 2 and 4 5 mM against COX-2 was 36.9Ϯ7.8% and 41.9Ϯ2.8%, respectively. No significant difference in activities between the sodium salt form (1, 2) and the hydroxyl form (3, 4) was observed (nϭ3 per group).
In this work, two new naphthoquinones, impatienolate (1) and balsaminolate (2) from I. balsamina were shown to be selective COX-2 inhibitors. The inhibitory activity of 1,4-naphthoquinones against cyclooxygenase enzyme activity has rarely been reported. 16, 17) Those reports evaluated the inhibitory activity only against constitutive cyclooxygenase (COX-1) enzyme activity. This is the first report on the inhibitory activity of 1,4-naphthoquinones against COX-2 enzyme activity. The 1,4-naphthoquinone skeletons may offer a new congener for novel NSAIDs without the side effects of gastrointestinal or renal disturbance in chronic therapy. Our results offer evidence supporting the use of I. balsamina L.
to treat articular rheumatism, pain, and swelling.
1)
A COX-2 inhibitor offers promise as an agent for the treatment of cancer, 18) osteoporosis, 19) stroke, and Alzheimer's dementia. 20) We suggest that I. balsamina may be a rich natural source of new drugs and plan further work to isolate other COX-2 inhibitors from it. 
